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Claims 

What is claimed is: 

1 . A method for providing repVesentation of high quality, substantially visually error-free 
color in images, comprising the step^of: 

mapping color to color data values in an expanded RGB/RGBA space; and 
labeling an image determined by mapped color values as an expanded 
RGB/RGBA colorspace image. 

2. The method of claim 1 wherein mapping includes, where colors from a selected 
colorspace are converted to the expanded RGB/RGBA colorspace, mapping color data values of 
a source colorspace image to color data values of the expanded RGB/RGBA colorspace. 

3. The method of claim 1 wherein mapping includes, where colors in the expanded 
RGB/RGBA colorspace are converted to a selected colorroace, mapping color data values of the 
expanded RGB/RGBA colorspace to color data values of aaestination colorspace. 

4. The method of claim 3 wherein, where the color data values in the expanded RGB/RGBA 
colorspace he outside a range of the destination colorspace, mapping includes clipping the color 
data values for the destination colorspace. \ 

5. The method of claim 3 wherein, where the color data values in the expanded RGB/RGBA 
colorspace lie outside the range of the destination colorspace, mapping includes utilizing a 
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predetermined transformation fWction that maps the color data values to color data values in the 
selected destination colorspace. 

6. The method of claim 1 wher^n the expanded RGB/RGBA colorspace is linear in visual 
5 intensity. 




7. The method of claim 1 wherein the\expanded RGB/RGBA space is an XsRGB 
colorspace that includes at least the visible range of color values, and where selected, wherein 
the expanded RGB/RGBA space includes an a^pha channel for at least one of: transparency 
40 information and opaqueness information. 
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8. The method of claim 1 wherein the expande(kRGB/RGBA space includes a colorspace 
defined by a gamut that extends into negative componqjit values and beyond 1.0 when 
normalized to 1.0 in RGB. 

9. The method of claim 1 wherein mapping the color vmues to an expanded RGB/RGBA 
space includes utilizing multiplication of Rq^Gq, Bq values by^ predetermined matrix, where the 
Rq,Gq, and 5^ values denote normalized numerically linear red, gjreen and blue components for a 
color value. 



y *\ 1 0. The method of claim 9 wherein the Rq,Gq, Bq values are obtained in accordance with the 
following: 
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wherein X, Y, and Z denote lySl Commission Internationale de TEclairage XYZ values 
where Y has been normalized to 1 . 



--J 1 . The method of claim 1 wherein, wherein each color data value uses a signed 16 bit 
integer and 13 bits are use^ as a decimal portion. 



The method of claim 1 iWherein 16 bit components R^^ , Gjg and are given by: 
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where the Rq.Gq, and 5o values dipnote normalized nimierically linear red, green and blue 
components for a color value. 
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13. The method of cl^m 4 wherein mapping includes, where color data values have been 
represented using signed 16 bit vlalues with 13 bits of decimal precision, clipping the 16 bit 
values below 0 and above 8192 to coijvert the 16 bit values to 8 bit values. 

14. The method of claim 1 wherein the color data values are one of: 
non-premultipUed color data values; 
premultiplied color data vali es; and 



normalized numerically linear premultiplied color data values. 



15, In a digitized image processing system in which an image digitizer outputs digital signals 
representing an image, a method for providing representation of high quality, substantially 
visually error- free color images from measured color values, comprising the steps of: 

mapping the measured color Values to an expanded colorspace wherein the 
expanded colorspace includes values beyond ayvisible range of color values; and 

labeling an image determined by me color values mapped to the expanded 
colorspace as an expanded colorspace image. \ 

16, The method of claim 15 wherein the expandedVolorspace includes an XsRGB colorspace 
defined by a gamut that extends into negative component values and beyond 1.0 when 
normalized to 1 .0 in RGB , and where selected, wherein tne expanded RGB/RGBA space 
includes an alpha channel for at least one of: transparency information and opaqueness 
information \ 

17, The method of cmm 15 wherein mapping the color values to an expanded colorspace 
includes utilizing multiplication of Rq, Gq, Bq values by a predetermined matrix, where the R^, 

Gq , Bq values denote normalizecmiumerically linear red, green and blue components for a color 
value. \ 



18. The method of claim 15 whe rein the Rq, Gq , values are obtained in accordance with 
the following: 

\ 
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wherein X, Y, and Z denote 1931 Commission Internationale de I'Eclairage XYZ values 
wherein Y has been normalized tA 1 . 



19.The method of claim 15 wherei 
bits are used as a decimal portion, 



, wherein each color data value uses a 16 bit integer and 13 



20. The method of claim 15 wherein 16 bit components , G,5 , and of color data 
values are given by: 
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where the R^y Gq , Bq hahxcs denote normalized nxxmerically linear red, green and blue 
components for a color value. 
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The method of claim 1 



wherein mapping includes, where color data values have been 
represented using signed 16 bid values with 13 bits of decimal precision, clipping the 16 bit 
values below 0 and above 8192tto convert the 16 bit values to 8 bit values. 
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22. The method of claim 15 wfterein the color data values are one of: 
non-premultiplied color data values; 
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premultiplied colbr data values; and 

normalized numenjpally linear premultiplied color data values. 

23. A computer-readable mediupi having computer-executable instructions for performing 
5 the steps recited in claim 15. 

24. In a digitized image processing system in which an image digitizer utilizes color image 
information to output digital signals representing a color image to an apparatus that uses the 
digital signals to provide representation of a i^gh quality visually error-free expanded colorspace 

ASi color image, the apparatus comprising: 

an expanded colorspace mapper, f9r mapping the digital signals to expanded 
colorspace values wherein the expanded colorspace values include values beyond 
a visible range of color values; and 
; ^ an image labeller, coupled to the expanded colorspace mapper, for labeling an 

;:;t5 image determined by expanded colorspace^ values as an expanded colorspace 

, image. 



25. The apparatus of claim 24 wherein the expanded colorspace includes an XsRGB 
colorspace defined by a gamut that extends into negative component values and beyond 1.0 
20 when normalized to 1 .0 in RGB, and where selected, wherein the expanded RGB/RGBA space 
includes an alpha chaimel for at least one of: transparency informatio\i and opaqueness 
information 
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26. The apparatus of claim 24 whWein the expanded colorspace mapper utilizes 
multiplication of Rq, Gq , Bq values by\i predetermined matrix to map the color values to an 
expanded colorspace. 
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27. The apparatus of claim 24\herein the Rq, Gq, Bq values are obtained in accordance 
with the following: 

-1.5374 A 0.4986 
1.8760 Ol0416 
-0.2040 l\)570 

wherein X, Y, and Z denote 1931 Commission Intemationale de TEclairage XYZ values 
where Y has been normalized to 1 . 

28. The apparatus of claim 24 wherein}^ /herein each color data value uses a 16 bit integer 
and 13 bits are used as a decimal portion^ | ^ / 



29. The apparatus of claim 24 wherein [16 bit components of color data values , Gj^ , and 
are given by: 
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where the R^, Gq , B^ value^ denote normalized numerically linear red, green and blue 
components for a color value. 
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30. The apparatus of claim 24 wherein, where color data values have been represented using 
signed 16 bit values with 13 bits of decimal precision, the expanded colorspace mapper clips the 
16 bit values below 0 and above 8192 to convert tha 16 bit values to 8 bit values. 

3 1 . The apparatus of claim 24Wherein the color data values are one of: 

non-premultiplied color data values; 
premultiplied color^ta values; and 

normalized numericS!^ linear premultiplied color data values. 

32. A computer-readable medium haying computer-executable instructions for performing 
steps comprising: 

mapping color values to an expanded RGB/RGB A space; and 
labeling an image determined by mapped color values as an expanded 
RGB/RGB A colorspace image. 



33. The computer-readable medium of claim 32 wherein the expanded RGB/RGBA space 
includes an XsRGB colorspace that includes at least tne visible range of color values, and where 
selected, wherein the expanded RGB/RGBA space includes an alpha channel for at least one of: 
transparency information and opaqueness information. 
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34. The computer-readable medium of cMim 32wherein the expanded RGB/RGBA space 
includes a colorspace defined by a gamut that^xtends into negative component values and 
beyond 1.0 when normalized to 1.0 in RGB. 

35. The computer-readable medium of claim 32wherein mapping the color values to an 
expanded RGB/RGBA space includes utilizing multipldcation of R^, Gq, values by a 
predetermined matrix. 



36. The computer-readable nredium of claim 32 wherein the R^^ Gq, Bq values are obtained 
10 in accordance with the following: 
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wherein X, Y, and Z denote 1S[31 Commission Intemationale de TEclairage XYZ values 
where Y has been normalized to 1 . 



^iS 37. The computer-readable me^ 
16 bit integer and 13 bits are used 



lim 32 wherein each color data value uses a signed 
ial portion. 



38. The computer-readable medium of c\aim 32 wherein 16 bit components , G^^ , and 
are given by: 
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where the Rq, Gq , values penote normalized numerically linear red, green and blue 
components for a color value. 

39. The computer-readable mediunl of claim 32 wherein mapping includes, where color data 
5 values have been represented using signed 16 bit values with 13 bits of decimal precision, 

clipping the 16 bit values below 0 and aBove8192 to convert the 16 bit values to 8 bit values. 

40. The computer-readable medmm of tfeifri 32 wherein the color data values are one of: 

non-premultiplied color datayalues; 
;|0 premultiplied color data value^ and 

U normalized nimierically linear premultiplied color data values. 



41 . The computer-readable medium of claim 32 wherein the expanded RGB/RGB A space 
includes an alpha channel for at least one of: tral^sparency information and opaqueness 
jiliS information. 



42. A method of representation of color in images Wing color data values for an expanded 
^ RGB/RGBA space, having at least a precision and range>su£ficient to represent substantially all 
humanly visible colors substantially without visually percepjtible error, the method including the 
20 steps of: 

representing the color as data values in an exparided RGB/RGBA space; and 
labeling an image determined by the color data values as an expanded 
RGB/RGBA colorspace image. 



43. The method of claim 42 wherein representing includes, where color data values from a 
selected colorspace are converted to tha expanded RGB/RGBA space, mapping the color data 
values of a selected image colorspace to oplor data values of the expanded RGB/RGBA 
colorspace. 
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44. The method of claim 42 wherein representing includes, where color data values in the 
expanded RGB/RGBA space are converted to a selected colorspace, mapping the color data 
values of the expanded RGB/RGBA colorspace to a selected destination colorspace. 
10 45. The method of claim 44 wherein, where the perceptually visible data values lie outside a 

predetermined range, the mapping includes clipping tnp color data valuesto a range of the 
:= selected destination colorspace. 



46. The method of claim 44 wherein the mapping includfi^s utilizing a predetermined 
;|l-5 transformation function that maps the color data values to colo\ data values in the selected 
destination colorspace. 
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47. The method of claim 42 wherein the expanded RGB/RGBA \olorspace is linear in visual 
intensity. 

48. A method for representing at least one of: super transparent and su^er opaque colors 
using an alpha channel, comprising the steps of: 



• 
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representing color values as perceptually visible super transparent/super 
opaque data values in a colorspace; and 

L 

labeling an image deteraiined by the perceptually visible super transparent/super 
opaque data values as a super transparerr^super opaque colorspace image. 
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49. The method of claim 1 wherein coloAoperations defined in RGB/RGBA colorspace are 



^ extended to an expanded RGB/RGBA colorspace. 



50. The method of claim 48 wherein the alpha channel extends less than 0 and beyond 1 .0 
10 when normalized to 1 .0. 

i J 51. A method of representing color data values in ir(jages using color data as appearance 

'■.I 

^ RGB values, comprising the steps of: 

representing the color data values as normalized RGB values wherein each 

normalized RGB value (/?^,G^,5^) is obtained using a predc^termined transformation matrix 
=;|5 that is based on a preselected spectrum distribution; and 

labeling an image determined by the normalized RGB valiles as an appearance match 
image for corresponding^, 7, and Z values in accordance with 193\ Commission Internationale 
de TEclairage where Y has been normalized to 1. 



20 52. A device for representing color data values in images using color \jata as appearance 
RGB values, comprising: 

an expanded colorspace mapper, arranged to represent the color data Wues as 

normalized RGB values wherein each normalized RGB value {R^,G^,bJ) is obtained using a 
predetermined transformation matrix that is based on a preselected spectrum distnbution; and 



an image labeller,^fQr labeling an image deteraiined by the nomialized RGB values as an 
appearance match image foncorresponding A", Y, and Z values in accordance with 1931 
Commission Intemationale deVEclairage where Y has been normalized to 1. 

53. A method of representing cblor data values in images using color data as absolute RGB 
values, comprising the steps of: \ 

representing the color data values as absolute RGB values wherein each absolute RGB 
value (if 0 ^Gq^Bq) is obtained using a predetermined transformation matrix that is based on a 
standard 1931 Commission Intemationale d\ I'Eclairage D65 spectrum distribution; and 

labeling an image determined by the aWolute RGB values as an absolute match image for 
corresponding Y, and Z values in accordancewith 1931 Commission Intemationale de 
TEclairage where Y has been normalized to 1 . \ 

54. A device for representing color data values in\mages using color data as absolute RGB 
values, comprising: \ 

representing the color data values as absolute RGB values wherein each absolute RGB 
value {Rq ,Gq,Bq) is obtained using a predetermined transfomiation matrix that is based on a 
standard 1931 Commission Intemationale de I'Eclairage D65 roectrum distribution; 

labeling an image determined by the absolute RGB valued as an absolute match image for 
corresponding Y, and Z values in accordance with 1931 Commission Intemationale de 
I'Eclairage where Y has been normalized to 1 . \ 
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